Introduction {#section1-S1013702518500026}
============

Humans are bipedal locomotor animals who have the gift and the ability to ambulate on the hind limbs whilst functioning with the forelimbs. This adaptation allows humans to perform multiple tasks required for recreation or function or survival. The hind limb allows the person to attain stability as well as movement from one place to other.^[@bibr1-S1013702518500026]^ Technology has enabled humans to invent multiple means and ways of obtaining this ambulation by virtue of the functional adaptation to the bipedal stance.^[@bibr2-S1013702518500026]^

This adaptation had come at its own costs wherein stability is challenged and compromised by loading the hind limbs with the complete body weight. As against in animals who demonstrate a cross loading of the forelimb and hind limb in slow ambulation and a reciprocal loading of front and hind limbs in fast ambulation, humans have to comprise by alternatively loading the hind limb in slow ambulation by having a double stance phase to an excessive loading in fast ambulation by having a double swing phase.^[@bibr1-S1013702518500026]^ But, these motions alternatively load the lower limbs with 3 to 10 times the body loads and thus have proved to be detrimental in a long run.^[@bibr2-S1013702518500026]^

The load of the head, arms and trunk (HAT) is transmitted to the lower limbs via the pelvis, which consists of the Ilium, Ischium and the Pubis. This further transmits the body loads to the femur via the hip joint which is a synovial joint having three degrees of freedom of movement. But, the connection of the spine to the pelvis is via the sacroiliac joint (SIJ), which is a fibro-cartilaginous type of a joint with a limited mobility.^[@bibr3-S1013702518500026],[@bibr4-S1013702518500026]^ Although there has been a wide assumption that the SI is a joint with minimum mobility, it has been proved that this joint not only aids in load transmission from the axial skeleton to the appendicular skeleton, but also helps in providing motions to the pelvis which assists in effective load distribution and in providing an effective channel for the reduction of the pelvic mobility by absorption of shearing forces during normal ambulation.^[@bibr2-S1013702518500026],[@bibr3-S1013702518500026]^

Low backache (LBA) is one of the most common complaints encountered in routine musculoskeletal practice. Although low back pain has been understood to be associated with a multitude of clinical findings like a prolapsed disc, facetal arthropathy or mechanical in nature, seldom there is a connection established between dysfunction of the SIJ and LBA.^[@bibr5-S1013702518500026]-[@bibr7-S1013702518500026]^ Reduction in the mobility of the SIJ may result in inability of the spine to efficiently transmit loads to the lower limbs and thus may be a source of symptom.^[@bibr7-S1013702518500026]^ SIJ maintains its stability by virtue of its shape (form closure) and its ability to exert and distribute forces from the trunk to the limbs (force closure). Dysfunction of the SIJ may be either due to the failure of the support system (force closure failure) or due to its inability to move during load transmissions (form closure failure) and thus lead to loss of function in the spine.^[@bibr4-S1013702518500026],[@bibr8-S1013702518500026],[@bibr9-S1013702518500026]^

Studies have reported motions in the SIJ from around 1--6 mm (1--9^∘^) which efficiently help in the pelvic motions.^[@bibr4-S1013702518500026],[@bibr8-S1013702518500026]^ These motions may vary based on the movement initiation from trunk or the lower limbs.^[@bibr4-S1013702518500026]^ Laslett has introduced multiple test batteries of using three or more tests for identifying SIJ pain. This is due to the fact that these tests are more reliable and valid in identifying SIJ pathology when used together rather than the tests employed for identifying the SIJ motions (dysfunction).^[@bibr9-S1013702518500026]^ Thus, he proposed a variety of clinical tests that help to understand and evaluate the pain associated with dysfunction of the SIJ. Tests like sacral distraction/compression, thigh thrust, Gaenslen, sacral thrust, Patricks FABER, finger point, SIJ pain mapping, etc., have been used to understand SIJ pain with an extremely good efficiency as compared to the Gillet and other palpation-based tests.^[@bibr9-S1013702518500026]^ There is a good validity and reliability for using these pain provocation tests in routine clinical practice.^[@bibr10-S1013702518500026]-[@bibr16-S1013702518500026]^ But, the dysfunction tests are supposed to have a poor validity, high sensitivity and less specificity.^[@bibr9-S1013702518500026]^ These tests require the performer to either perform active motions which are evaluated by the clinician by assessing the surface motions of the surrounding structures, or are based on elicitation of a clinical response from the patients, which is usually in the form of pain and movement dysfunction in the articular region.^[@bibr4-S1013702518500026],[@bibr6-S1013702518500026],[@bibr17-S1013702518500026]^ Thus, the presence of pain and assessment of loss of motion have been considered as the source of diagnosis. But, the most common factor shared by almost all of these tests is the performance of specific motions or movements, either passively or actively, requiring a detailed understanding of the motions of the sacrum over the innominate and also understanding and identifying the surface landmarks which may, at times, be challenging. Also, few of these tests may require an appropriate exposure of the surface regions, which may be a challenge in few of the cultures.^[@bibr4-S1013702518500026],[@bibr17-S1013702518500026],[@bibr18-S1013702518500026]^ Thus, there is a need to develop and understand a clinical test for assessment of SIJ dysfunction which may require the patient to perform controlled motions without exposure of the body parts and to avoid challenges to the examiner in knowing the motions of the surface areas in relation to each other.^[@bibr19-S1013702518500026],[@bibr20-S1013702518500026]^

Methods {#section2-S1013702518500026}
=======

Post approval from the institutional ethical committee, a diagnostic study for evaluation of reliability and validity of a new clinical test for assessment of SIJ dysfunction was conducted in a secondary healthcare center in Pune city, India consisting of mixed population. About 128 patients of LBA were referred for Physical Therapy treatment by three Orthopedic Surgeons from July to December 2015 and were screened by an independent post graduate Physical Therapist with eight years of experience and who was not part of the study authors. Thirty-nine subjects from these were considered as patients with SIJ involvement based on non-centralized pain, asymmetry of presentation below L5 spinous process and localizing to the SIJ.^[@bibr9-S1013702518500026]^ Patients who had presented with clinical symptoms of LBA since minimum one month with pain from visual analog scale (VAS) 2--8 of 10, which was non-radiating and localized asymmetrically to the SIJ, were selected. These subjects had been ruled out for any spinal pathology like prolapsed inter-vertebral disc, spinal malignancies, Potts spine, etc. by the concerned referring orthopedic surgeons based on clinical and radiological findings. The independent assessor also assessed the subjects for the basic demographic details and for pain duration (in months) and intensity on a 0--10 VAS.

Healthy subjects who were accompanying their relatives for Physical Therapy and were asymptomatic for any back pain or dysfunction and without any history of LBA in the last three years and willing for voluntary participation in the study without any coercion were also recruited. Post a written informed consent; all the participants were assessed for SIJ mobility by the Gillet test^[@bibr20-S1013702518500026]-[@bibr22-S1013702518500026]^ (also known as March/Stalk/sacral fixation test), SIJ pain provocation by the Gaenslen test^[@bibr11-S1013702518500026],[@bibr12-S1013702518500026]^ and the new test for SIJ dysfunction, termed as the "Shimpi Prone SIJ test" by two independent assessors. Since the objective of the study was to assess the efficacy of the new test (measured by its validity, reliability, sensitivity and specificity) in assessment of SIJ dysfunction as against the current SIJ pain and dysfunction tests, the most common tests used widely for diagnosis of SIJ pathology in the given clinical setup and having a good reliability and validity were chosen.^[@bibr10-S1013702518500026],[@bibr11-S1013702518500026],[@bibr22-S1013702518500026]-[@bibr24-S1013702518500026]^ The Gillet test (validity 55.5%^[@bibr10-S1013702518500026],[@bibr23-S1013702518500026]^) and Gaenslen test (validity 48.5%^[@bibr10-S1013702518500026]^; 56.5%^[@bibr23-S1013702518500026]^; 65%^[@bibr25-S1013702518500026]^) were considered as reference tests for the given study as they are being widely used in the current clinical setup rather than the Laslett battery. The gold standard fluoroscopically guided pain block injections test for SIJ dysfunction, which is an invasive procedure by administration of an injection to the SIJ, could not be considered in the present study.^[@bibr10-S1013702518500026],[@bibr18-S1013702518500026]-[@bibr21-S1013702518500026]^

Assessor 1, who was a Physical Therapist with three years of clinical experience and trained in spinal biomechanical assessment, assessed the subjects twice on day 1 after an interval of 30 min. Assessor 2, who was a Physical Therapist with 11 years of clinical experience and trained in spinal biomechanical assessment, assessed the subjects once on day 2.^[@bibr10-S1013702518500026]-[@bibr12-S1013702518500026]^ Both the assessors were blinded towards the findings of the other assessor. For subjects presenting with LBA, the SIJ of the painful side was considered for assessment while for the asymptomatic volunteers; any SIJ was taken on a random basis. The patients were asked to give a positive response to pain only if they experienced the familiar pain that they were experiencing due to the SIJ involvement (for the Gaenslen and Shimpi tests).

The Gillets test (March/Stalk/sacral fixation test)^[@bibr11-S1013702518500026],[@bibr22-S1013702518500026]^ ([Fig. 1](#figureF1-S1013702518500026){ref-type="fig"}) and Gaenslens test^[@bibr11-S1013702518500026],[@bibr12-S1013702518500026]^ ([Fig. 2](#figureF2-S1013702518500026){ref-type="fig"}) were performed on all the subjects in standing and supine lying position, respectively. The Shimpi Prone SIJ test (new test) was performed with the subject in a prone lying position on a plinth. The assessor palpated for the anterior superior iliac spine (ASIS) and placed the palm of their hand underneath the ASIS. The subject was instructed to extend their hip to around 15^∘^ so as to lift the foot just off the examination table ([Fig. 3](#figureF3-S1013702518500026){ref-type="fig"}). A normal response to the SIJ movement, i.e., a negative test, was considered when the ASIS was pressed more on the palm of the assessor without the presence of any pain or discomfort. An abnormal response of the SIJ movement, i.e., a positive test, was considered when the ASIS was lifted off the palm of the assessor and concurrently patient experiencing familiar pain or discomfort localized to the SIJ.

![Gillet test for SIJ dysfunction.](hkpj-38-013-g001){#figureF1-S1013702518500026}

![Gaenslen test for SIJ dysfunction.](hkpj-38-013-g002){#figureF2-S1013702518500026}

![Shimpi prone SIJ test.](hkpj-38-013-g003){#figureF3-S1013702518500026}

Statistical analysis {#section3-S1013702518500026}
--------------------

A sample size of 30 was calculated for the study considering the proportion of positive rating for a dichotomous variable by two raters at 0.5 and kappa coefficient set at $\geq 0.6$ for a two-tailed test with power at 90%.^[@bibr26-S1013702518500026]^ An independent sample $t$-test was used to compare the baseline parameters between both the groups with an alpha level set at $\leq 0.05$. The obtained results of all participants were assessed for intra-tester and inter-tester reliability by interclass correlation coefficient (ICC) Cronbach's alpha set at 80%^[@bibr27-S1013702518500026]^ and by kappa coefficient set at $k \geq 0.6$^[@bibr26-S1013702518500026]^ by SPSS version 17 (IBM Corporation). The sensitivity, specificity, positive and negative predicted values and accuracy of the tests were set at 80%^[@bibr25-S1013702518500026]^ and were calculated by "Microsoft Office Excel 2010". The Validity was calculated as the average of the sensitivity and specificity and measured in percentages.^[@bibr23-S1013702518500026]^

Results {#section4-S1013702518500026}
=======

Of the 39 patients with SIJ dysfunction, 9 subjects had severe pain with $\text{VAS} > 8$ of 10, acute tenderness on movement with inability to tolerate the tests, and hence were excluded, while 7 patients did not consent for study participation and 23 subjects with LBA having pain from around 1--8 months with intensity from 2--7 on VAS along with 22 healthy volunteers participated in the study ([Fig. 4](#figureF4-S1013702518500026){ref-type="fig"}). Both the groups were age matched and comparable post performing an independent sample $t$-test $(p = 0.26)$. The analysis for the intra-rater and intra-rater reliability showed a good correlation by the ICC $(r > 0.8)$ and a substantial agreement by the kappa coefficient $(k > 0.6)$, both at 95% CI for the Shimpi Prone SIJ test. The test also showed good validity (79.9%) as compared to the other two tests, which was measured in terms of averaging the sensitivity (82%) and specificity (77%), 79% positive predictive, 80% negative predictive values and 80% accuracy ([Tables 1](#table1-S1013702518500026){ref-type="table"}--[3](#table3-S1013702518500026){ref-type="table"}).

###### 

Demographic details of the study participants.

![](hkpj-38-013-t001)

  Demographics                                  Subjects with low back pain   Subjects without back pain   Total        $P$ value
  --------------------------------------------- ----------------------------- ---------------------------- ------------ -----------
  Mean age (SD) (in years)                      29.4 (4.5)                    27.8 (6.1)                   28.6 (5.3)   0.265
  Females: Males (number)                       13:10                         13:9                         26:19        
  Total (number)                                23                            22                           45           
  Duration of pain (SD) (months)                4.0 (2.3)                     ---                          ---          
  Pain intensity (SD) (VAS/10)                  4.4 (1.7)                     ---                          ---          
  Females with history of childbirth (number)   5                             3                            8            

*Note*: $\text{SD} = \text{Standard}$ deviation expressed as $+ \operatorname{\slash-}$ mean scores; $\text{VAS} = \text{Visual}$ analog scale; $p = \text{probability}$ value (alpha) significant at $\leq 0.05$.

![STARD flowchart of participant's recruitment.](hkpj-38-013-g004){#figureF4-S1013702518500026}

###### 

Reliability of the Shimpi Prone SIJ test (new test) using ICC and Kappa coefficients.

![](hkpj-38-013-t002)

                                       Intra-rater   Inter-rater                       
  ------------------------------------ ------------- -------------------------- ------ --------------------------
  ICC ($r$)                            0.81          0.66--0.89 $(p = 0.000)$   0.82   0.67--0.90 $(p = 0.000)$
  Kappa coefficient ($k$)              0.68          0.47--0.90                 0.69   0.48--0.89
  Prevalence index                     0.08                                     0      
  Bias index                           0.02                                     0.06   
  Percent agreement (%)                84                                       84     
  Unachieved agreement $(1 - k)$ (%)   31                                       30     
  Maximum attainable kappa ($k$ max)   0.95          0.85--1.0                  0.86   0.72--1.0
  Greatest possible agreement (%)      97                                       93     

*Note*: $\text{ICC} = \text{Intraclass}$ correlation coefficient; 95% $\text{CI} = 95$% confidence interval; $p = \text{probability}$ value (alpha) significant at $\leq 0.05$.

###### 

Validity of the three tests (averaged with the sensitivity and specificity expressed as percentages) as obtained in present study.

![](hkpj-38-013-t003)

  Test                Gillet test     Gaenslen test   Shimpi Prone SIJ test
  ------------------- --------------- --------------- -----------------------
  Validity (%) (SD)   62.54 (20.82)   71.14 (2.23)    79.94 (3.77)

*Note*: $\text{SD} = \text{Standard}$ Deviation expressed as $+ \operatorname{\slash-}$ mean.

Discussion {#section5-S1013702518500026}
==========

The SIJ is poorly understood in its functional role.^[@bibr28-S1013702518500026]^ The dysfunctional SIJ has been cited as a source of low back pain by many authors.^[@bibr6-S1013702518500026]-[@bibr19-S1013702518500026],[@bibr24-S1013702518500026],[@bibr25-S1013702518500026],[@bibr28-S1013702518500026]^ Symptoms can include pain in the low back, buttock region, pain radiating to thigh region or one side of the body.^[@bibr29-S1013702518500026]^ The primary function of the SIJ is load transfer which is largely dependent on its available mobility and joint stability. It also functions in torque conversion, allowing the transverse rotations that take place in the lower extremity to be transmitted up the spine. The SIJ, like all lower extremity joints, provides a "self-locking" mechanism, where the joint occupies or attains its most congruent position, i.e., the close pack position by the form closure. This helps with stability during the push-off phase of walking. The joint locks (or rather becomes close packed) on one side as weight is transferred from one leg to the other, and through the pelvis, the body weight is transmitted from the sacrum to the hip bone.^[@bibr30-S1013702518500026]^ Compared to the quadruped gait, the bipedal gait needs to have a very strong support to overcome the resistance from gravity. In the upright posture, increased lumbo pelvic compression forces are necessary for stability, which occur at the expense of the joint mobility.^[@bibr31-S1013702518500026]^ This compromise is done by the SIJ.

The SIJ is a true diarthrodial synovial joint, and is unlike any other joint in the body wherein only the ventral third of the joint is a true synovial joint.^[@bibr29-S1013702518500026]^ The pelvis comprises of an arch system which helps in transmitting force across this joint. The posterior arch transmits body weight while the anterior arch provides stability to the posterior arch, and acts as a compression strut for the ground reaction forces which transmits through the femur and across the pubic rami.^[@bibr32-S1013702518500026]^ Normal motions of the SIJ are Nutation and Counter Nutation.^[@bibr4-S1013702518500026],[@bibr29-S1013702518500026]^ Nutation of the sacrum is the anterior tilting and rotatory motion of the sacrum wherein the articular surfaces of the innominate move posterior--inferior on the sacrum ([Fig. 5](#figureF5-S1013702518500026){ref-type="fig"}). The counter-nutation exhibits the opposite motion. These movements are opposed by the shape of the sacrum, ligamentus system and the friction coefficient of the joint surface. Disturbances in these motions are exhibited as increased linear and angular motions over the lumbosacral junction as well as increased motions of the hip.^[@bibr33-S1013702518500026]^ These movements can never be isolated in a closed chain as the lumbopelvic motions function as an entire biomechanical unit which can be understood in many routine activities of daily living, including the normal human bipedal gait.^[@bibr4-S1013702518500026]^ But, these motions are too complicated to be assessed in routine clinical assessments and thus, to examine the SIJ, a series of tests have been proposed in an open-chain fashion. Goode *et al.* have documented extremely minimal movement of the SIJ and have questioned the validity and clinical utility of such movement dysfunction studies, like the Gillet test, which rely on motion production, in diagnosing the SIJ pathology.^[@bibr4-S1013702518500026]^

![Normal motions of the SIJ.](hkpj-38-013-g005){#figureF5-S1013702518500026}

Tests for the SIJ basically look at two components: (a) mobility of the SIJ in terms of a translatoric glide (movement based tests) and (b) mobility of the SIJ in terms of traction or compression of the joint surfaces (pain provocation-based tests). Such tests can also be performed by loading the joint surfaces for their ability to transfer loads through the posterior arch system.^[@bibr34-S1013702518500026]^ Most of the movement dysfunction tests of SIJ make it difficult to stabilize the proximal sacral component whilst assessing the movement of the innominate over it. As a closed kinematic system, it may be difficult to restrict motions only to the side being tested and authors feel that there is always a probability of the motions being transferred/translated to the contra lateral SIJ as well. But, the lumbosacral motions, in the absence of clinical motions in SIJ during hypomobile pathology, can be used clinically to establish the diagnosis. Dysfunction of the SIJ may occur due to the reduction in the nutation or counter-nutation motions which may be presented clinically as SIJ pain (radiating or non-radiating to the posterior of the thigh) or rarely as low back pain (due to the transfer of the shearing forces on the lumbosacral junction).^[@bibr34-S1013702518500026],[@bibr35-S1013702518500026]^ Thus, there arises a need to identify such SIJ dysfunctions faster and with good accuracy in routine clinical practice.

The "Shimpi Prone SIJ test" is based on a normal versus an abnormal clinical response to SIJ mobility along with pain provocation. The assessor checks the movement of the SIJ in a prone position by asking the patient to actively lift the leg off the examination table (Hip extension to 15^∘^). Also, the patient has to report for the presence of familiar pain in the SIJ during this motion. When this movement is performed actively, the gluteus maximus, assisted by the hamstrings, lifts the leg off to perform hip extension. This can be done only when the back muscles, the multifidi and erector spinae, stabilize the vertebrae thereby allowing the hip extensors to act on the pelvis and the thigh. The gluteus connects to the thoracolumbar fascia and performing the extension motion by the glutei also adds to the SIJ stability by virtue of force closure of the pelvis and obtaining a dynamic stability to it. Also, the deep group of back muscles, the multifidi, helps in dynamically stabilizing the spine thereby preventing any excessive motion in the vertebral column. Such compressive and translatoric forces acting across the SIJ may provoke the pain within the joint region by stimulating the intra-articular nociceptive structures within the joint^[@bibr35-S1013702518500026]-[@bibr37-S1013702518500026]^ and may be the reason for the pain response in the Shimpi test.

Mobility in the Shimpi test includes movement at the lumbosacral junction and allows extension of the hip (acetabulofemoral) joint by causing a counter-nutation motion of the SIJ. A normal response in performing hip extension is the initiation of extension at the lower lumbar and lumbosacral regions along with an anterior rotation of the pelvis (pelvic nutation) and the extension of the hip. These motions cause the ASIS to move ventrally and press on the palm of the examiner under the ASIS ([Fig. 6](#figureF6-S1013702518500026){ref-type="fig"}).^[@bibr15-S1013702518500026],[@bibr18-S1013702518500026],[@bibr35-S1013702518500026]^ A dysfunctional SIJ would have a reduced motion and thus, when active extension is initiated, the possible movements would be the extension at the lower lumbar, lumbosacral regions along with the hip extension.^[@bibr18-S1013702518500026]^ The absence of pelvic nutation would cause the entire ipsilateral pelvis to get lifted off the examination table ([Fig. 6](#figureF6-S1013702518500026){ref-type="fig"}). This mechanism, in addition to the elicitation of pain, is used in the Shimpi test to assess SIJ dysfunction. The motion-based tests available currently attempt to assess the minimal motions in the SIJ in isolation which is their limitation.^[@bibr4-S1013702518500026]^ But, using the motions of the lumbar and lumbosacral unit, motion dysfunction at the SIJ can be assessed by the Shimpi test with repeatability and accuracy making it a clinically highly reliable (intra- and inter-rater) and valid (79.9%) motion-based assessment test.

![Normal (above) and abnormal (below) response to the Shimpi test.](hkpj-38-013-g006){#figureF6-S1013702518500026}

The Shimpi test is fairly identical to the anterior SLR (ASLR) test which assesses the pelvic girdle pain by loading the SIJ during an active leg lift to around 20 cm.^[@bibr38-S1013702518500026]^ The ASLR test would be based on various factors, including the lower limb strength and the abdominal bracing ability.^[@bibr39-S1013702518500026]^ But, as the range of hip flexion is greater than extension, there is no incorporation of pelvic motion till later 2/3rd of its movement. Also, it becomes difficult to identify movement dysfunction with this test. Shimpi test, unlike the ASLR, not only loads the SIJ for elicitation of familiar pain, but also assesses the motion of the pelvic region by ASIS lift and thus provides a double check system for diagnosing SIJ pathology. The Shimpi's test can easily be performed even in obese patients and does not even require exposure of the low back and gluteal region which is ethically acceptable in many cultures. The only pre-requisite is the skill of identification and palpation of the ASIS, which is a bony landmark and an easily recognizable one in most of the population.^[@bibr33-S1013702518500026]^ Also, the patient lies in a comfortable prone position and does not possess difficulties for stability or balance concerns. The motion required is just an active 15^∘^ hip extension which can initiate and differentiate between a normal and abnormal response of the SIJ.

The limitations in performance of this test would be the requirement to lie in a prone position. This may be a challenge in severely obese patients or in pregnant females in their 2nd and 3rd trimester who are frequently predisposed to SIJ dysfunction.^[@bibr14-S1013702518500026],[@bibr15-S1013702518500026],[@bibr35-S1013702518500026]^ Also, patients with weaknesses of the erector spinae, multifidi or gluteus maximus and hamstrings may be unable to perform this movement actively.^[@bibr36-S1013702518500026]^ Also, this test largely relies in the motion of the hip joint and would not be useful in diagnosing SIJ pathologies in the presence of hip joint pathologies like Avascular Necrosis or Hip Osteoarthritis which may limit motions and thus may not be a good tool for assessment in them. The assessor may also need to get conditioned to gauging the pressures exerted by the SIJ during normal and abnormal motions, especially, in conditions with lower cross syndromes, etc. But such skills can be easily gained with training and experience.

Conclusion {#section6-S1013702518500026}
==========

The authors would like to conclude by introducing the "Shimpi Prone SIJ test" as an extremely useful non-invasive clinical tool having a good intra- and inter-rater reliability with a substantial rater agreement and having a good validity and accuracy for the assessment of the SIJ in patients with SIJ movement dysfunction.
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